ABSTRACT Aim: This study evaluated the prevalence of infectious diseases and immunisation status of children adopted from Africa.
INTRODUCTION
More than 2000 children are internationally adopted in Italy every year (1) . Although internationally adopted children are often declared healthy in their native countries, medical disorders are often missed and diagnosed after adoption (2-6). As medical preadoption information can be incomplete, wrongly translated and, or discordant, medical care on arrival is a fundamental requirement so that the child's health status can be assessed (7) (8) (9) . Early identification of infectious disorders, such as tuberculosis (TB), acute or chronic viral diseases and parasitic infections (2) (3) (4) (5) (6) , and the evaluation of antibody serum levels towards vaccinepreventable diseases allow clinicians to treat potential Abbreviations BCG, Bacille de Calmette-Gu erin; HIV 1-2, Human immunodeficiency virus type I e II; IQR, Interquartile range; OR, Odds ratio; QFT-G-IT, Quantiferon Gold In-Tube; TB, Tuberculosis; TST, Tuberculin skin test.
Key notes
We evaluated the prevalence of infectious diseases and immunisation status of children adopted from Africa and referred to 11 Italian paediatric centres in 2009-2015. The median age of the children was 3 years and 6 months and 50.1% had at least one infectious disease, with the most common being parasitic infections. The prevalence of infectious conditions and notprotective titres for vaccine-preventable diseases underlines the need for prompt and complete medical screening.
transmittable diseases and update the child's immunisation status (10) (11) (12) (13) .
Few previous studies have investigated the health status of internationally adopted children (2, 12, (14) (15) (16) . Intestinal parasitic and dermatological infections have been described as the most frequent infectious diseases, with prevalence rates of up to 42.7% and 35.0%, respectively (2, 7, 10, 12, 15, 16) . Since 2005, African adoptions have increased significantly in Italy, rising from 9.3% of total adoptions in 2005 to 20.3% in 2013 (1) . The available literature on children adopted from Africa is limited (9, (17) (18) (19) (20) (21) . To date, only one study has investigated the global health status of adopted African children (22) . This study retrospectively evaluated the global health status of a large cohort of internationally adopted African children referred to 11 Italian paediatric centres.
MATERIALS AND METHODS

Study design
A retrospective multicentre study was performed, involving 11 paediatric infectious disease centres who took care of internationally adopted children and were members of the Italian Working Group for Immigrant and Adopted Children. They were located in 11 Italian cities: Firenze, Novara, Roma, Milano, Torino, Ancona, Pordenone, Palermo, Lecce, Verbania and Tradate.
Study group
All the children up to 18 years of age who were adopted from any African country and consecutively referred to the participating Centres over a 7-year period (January 2009-December 2015) underwent their first screening for internationally adopted children and were enrolled in the study (12) . The only exclusion criterion was being adopted from non-African countries. Medical records were collected and entered into an electronic database. The study was approved by the local Ethics Committee for Human Investigation.
Screening protocol
All the children underwent a standard operative protocol, developed by National Working Group for Immigrant Children following international recommendations (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) . The sociodemographic data that were collected included their age on arrival in Italy, their age at their first evaluation, their sex and their country of origin. Medical history and preadoption immunisation records were reviewed, when available. Children were classified as having special need when conditions included in the American Academy of Pediatrics' definition were evident (24) . Children were considered to have been vaccinated with Bacille de Calmette-Gu erin (BCG) when clear documentation was available and, or, a BCG scar was noted. All the children were clinically evaluated. At the first evaluation, all the children underwent a venipunture and laboratory assessment that included a complete blood count. Other tests carried out included serological tests for several infectious diseases, and, in particular, the hepatitis B virus, the hepatitis C virus, the hepatitis A virus, the human immunodeficiency virus, types I e II (HIV 1-2), Treponema pallidum and Toxocara canis. A tuberculin skin test (TST) and Quantiferon-TB Gold in-tube assay (QFT-G-IT) were performed, and a chest radiograph was carried out if either of these were positive, according to the international guideline definitions (24) (25) (26) . In addition, three stool samples were collected to search for ova and parasites and for the Giardia lamblia antigen test.
Laboratory tests
All the laboratory examinations were performed in the laboratories of each National Working Group for Immigrant Children centre, using standardised techniques and according to the manufacturers' instructions. Following the American Academy of Pediatrics' guidelines (24), a positive TST was defined as an induration size of up to 10 mm (24) (25) (26) .
The QFT-G-IT assay (QIAGEN, Hilden, Germany) was performed according to the manufacturer's instructions (24) . After subtracting the value from the negative control, the result was positive if the antigen-dependent response was ≥0.35 IU, negative if the mitogen-induced response was ≥0.5 IU/mL and the antigen-dependent response was <0.35 IU/mL and indeterminate if both the mitogeninduced and antigen-dependent responses were below cut-off or the mitogen-induced response >8 IU/mL. The test was repeated if the test was indeterminate (24) .
TB definition
Study children were classified as not infected, latent TB infection cases or active TB disease cases, following the definitions in the American Academy of Pediatrics' guidelines (24) . In particular, asymptomatic children with negative TST and QFT-G-IT tests were defined as uninfected. A confirmed latent TB infection diagnosis was assigned to any child with positive TST and QFT-G-IT tests and no clinical or radiographic evidence of active TB (24) .
Statistical analysis
The nonparametric Mann-Whitney test was used to compare continuous variables. Fisher's exact test and the chisquared tests were used to compare categorical variables, as appropriate. Univariate and multivariate analyses were performed to evaluate possible predictors of positive TST and negative QFT-G-IT discordant results and odds ratios (OR) and 95% confidence intervals (95% CI) were calculated. All statistical analyses were carried out using the SPSS for Windows version 19 (IBM Corp, New York, NY, USA). A p value of <0.05 was considered significant.
RESULTS
Characteristics of the study population
We included 762 children (60.3% males) in the study, and the median age at the time of the first evaluation was 3 years and 6 months with an interquartile range (IQR) of 3.5-5.7. The majority came from Ethiopia (52.6%), the Democratic Republic of Congo (21.3%) and Burkina Faso (11.3%). Other children came from Mali (3.7%), Benin (2.6%), Senegal (2.0%) and other African countries (6.5%). The age distribution of the children according to country of origin is shown in Figure 1 , and the characteristics of the study population are described in Table 1 .
Prevalence of infectious diseases
Overall, 382 of the 762 children (50.1%) presented with at least one infectious disease: 44.5 had at least one parasitic infection and 8.0% had active or latent TB. The prevalence of infectious diseases is shown in Figure 2 .
The most frequent infections were parasitic infections, which accounted for 409 of the 715 infectious diagnoses (57.2%), followed by skin infections (28.7%) (Figure 2) .
Of the 339 children diagnosed with at least one parasitic infection, 76.4% had one parasitic infection, 16.8% had two simultaneous parasitic infections, 5.4% had three and 1.5% had four. The most frequent of the 409 parasitic infections were G. lamblia (61.4%) and T. canis (16.7%). In 85 (21.9%) cases, other parasites were involved, in particular Hymenolepis nana (n = 24, 6.2%), Ascaris lumbricoides (n = 11, 2.8%), Entamoeba histolytica (n = 11, 2.8%), Blastocystis hominis (n = 10, 2.6%), Strongyloides stercoralis (n = 8, 2.0%), Taenia solium/cisticerco (n = 6, 1.5%) Trichuris trichiura (n = 5, 1.3%), Schistosoma spp (n = 4, 1.0%), Ancylostoma duodenale (n = 3, 0.8%), Dientamoeba fragilis (n = 2, 0.5%) and Enterobius vermicularis (n = 1, 0.3%).
The total number of cutaneous infections was 205, and the most frequently observed were Tinea capitis/corporis (n = 134, 65.4%) and Molluscum contagiosum (n = 56, 27.3%). Lice and scabies were diagnosed in eight (3.9%) and seven (3.4%) children, respectively (Figure 2 ). Viral hepatitis was rarely observed as follows: the hepatitis B virus was diagnosed in 26 of 715 cases with an infectious diagnosis (3.6%), the hepatitis A virus in 11 cases (1.5%) and the hepatitis C virus in two cases (0.3%). One child had HIV-1 infected (0.1%) (Figure 2 ).
Tuberculosis
Active TB pulmonary disease was diagnosed in nine children (1.2%) and latent TB in 52 children (6.8%). Of note, 23 of 52 (44.2%) of the children with latent TB had concordant positive TST and QFT-G-IT results, while 29 of 52 (55.7%) had discordant results, namely a positive TST Figure 1 The study population of 762 children classified according to age and country of origin. and a negative QFT-G-IT. No indeterminate QFT-TB-IT results were observed. The prevalence of latent TB was the same in the two subgroups of children under 5 years of age and 5 years of age or older (13.0%). We observed a higher frequency (8% versus 6%) of positive TST and negative QFT-G-IT discordant results in children under 5 years of age, than in the older children, but these data were not statistically significant (p = 0.428).
Information regarding BCG status and scars is collected for 732 of the 762 children: 411 had received the BGC immunisation (56.1%) and 321 children (43.9%) were BCG/scar negative.
A multivariate analysis was performed to evaluate possible predictors of positive TST and negative QFT-G-IT discordant results and this showed a significantly higher risk of the TST and QFT-G-IT tests and prior BCG vaccination (OR 6.30, 95% CI 1.01-39.20, p = 0.011). There was no association with age or gender ( Table 2) .
Immunisation status
Serological tests showed a nonprotective antibody titre versus tetanus in 266 of 762 (35.0%) and versus the hepatitis B virus in 396 of 762 (52.0%) children. Other serological tests were carried out on a minority of children.
DISCUSSION
This study evaluated the health status of 762 children adopted from Africa from 2009 to 2015, making this the largest cohort of African adopted children ever reported. In agreement with data from previous studies of internationally adopted children, infectious diseases were diagnosed in a high percentage of the children in our study: 44.5% of them had at least one parasitic infection and 15.3% had active or latent TB. Until now, only one study published in 2007 analysed the health status of adopted children coming from an African country, namely Ethiopia (22) , and this reported that the incidence of parasitic infections in the 50 study children was a much higher 72%. As in our study, the most frequently identified parasitic pathogen was G. lamblia (40%). Other parasites were found in percentages similar to those observed in our study (22) .
Active TB was diagnosed in nine children in our study. Latent TB infections, defined as a positive result from either or both of the TST and QFT-G-IT tests, was diagnosed in 52 children À 13.1% of those tested -similar to previously published data (22) . Only 5.8% children had concordant TST and QFT-G-IT results that were both positive, while 7.3% had a positive TST test but a negative QFT-G-IT test. Similar data were reported by Howley et al. (27) in 2520 immigrant children screened for latent TB. Children with discordant results were classified as having latent TB infection, following the recommendations in the American Academy of Pediatrics' guidelines. However, we may speculate that discordant positive TST and negative QFT-G-IT results may be due to a falsely negative QFT-G-IT result. We noted that a discordant result was more frequent, but not significantly, in children under 5 years of age than older ones (8% versus 6%), suggesting that the QFT-G-IT test may be less reliable in younger children. An alternative, and opposite, explanation is that latent TB infection may be overestimated in positive TST and negative QFT-G-IT cases because of poor TST specificity, due to a cross-reaction with the BCG vaccination, the booster effect of previous TST tests and the possibility of nontuberculous mycobacterial infections. The fact that the multivariate analysis found a significant association between discordant positive TST and negative QFT-G-IT results and prior BCG vaccinations (adjusted OR 6.30, 95% CI 1.01-39.20, p = 0.011) ( Table 1 ), but no association with age or gender, suggests that the discordant results in our cohort were more likely to be due to a false-positive TST, related to BCG vaccination, than to a false-negative QFT-G-IT. Accordingly, a strong association between BCG and positive TST results in children has been widely confirmed (28, 29) .
Vaccine documentation for tetanus, diphtheria, the hepatitis B virus, poliomyelitis and BCG was only available in just over half of the patients (58%), similar to previous studies (30) . Percentages ranging from 35% to 52% displayed nonprotective antibody levels, confirming the Missing data: Age n = 2; BCG n = 30; Gender n = 0. BCG, Bacille de Calmette-Gu erin.
insufficient protection of children adopted from Africa with regard to vaccine-preventable diseases, the lack of reliability of immunisation records and possible discrepancies between the available documentation and test results (10, 11, 13) . Our cross-sectional study had some limitations. First of all, the study group only represented approximately onethird of the total number of African adopted children in Italy during the study period, leading to the possible suboptimal representativeness of our results. Furthermore, during the 7-year study period, some investigations included in the screening protocol changed and some tests were not performed in the whole population. This could have been partly related to an inhomogeneous collection of data in the different centres.
CONCLUSION
About a half of our study population was diagnosed with at least one infectious disease: TB infections were observed in approximately 15% of the children and parasitic infection in 50%. TB diagnoses appeared to be particularly difficult in our data set, due to the high rate of discordant TST and QFT-G-IT results, which were probably related to previous BCG vaccinations. Serological screening for vaccine-preventable diseases is crucial to update the immunisation status of these adopted children. Our data confirm the need for prompt, careful and complete screening for children adopted from Africa.
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